An efficient asymmetric synthesis of enantiomerically pure (R)-clorprenaline hydrochloride is described using Sharpless asymmetric dihydroxylation as the key step.
Introduction
Due to the high demand and preference for the use of enantiomerically pure drugs, there has been an upsurge of interest in the development of potentially useful processes for the asymmetric synthesis of pharmaceutical products. (R)-Clorprenaline hydrochloride 1 ( Fig. 1 ) is a β 2 -agonist that is effective for the treatment of diverse disease states such as bronchitis and asthma 1 with only few reports of its synthesis in the literature. 2 As a part of our research program aimed at developing enantioselective synthesis of naturally occurring lactones and amino alcohols, 3 the Sharpless asymmetric dihydroxylation 4 was envisaged as a powerful tool to obtain chiral dihydroxy compounds offering considerable opportunities for synthetic manipulation. Herein we report a new and highly enantioselective synthesis of (R)-clorprenaline hydrochloride by employing Sharpless asymmetric dihydroxylation of o-chlorostyrene 2 as the key step. The synthesis of (R)-clorprenaline hydrochloride 1 started from o-chlorostyrene 2, a commercially available starting material is shown in Scheme 1. The dihydroxylation of ochlorostyrene 2 with osmium tetroxide and potassium ferricyanide as co-oxidant under Sharpless asymmetric dihydroxylation 4 gave the diol 3 in 94% yield with 95 % ee, 5 [α] D 25 = -72.22 (c 2, EtOH). Selective conversion of the primary hydroxyl group of 3 into a tosylate with tosyl chloride in the presence of catalytic amount of dibutyltin oxide 6, 3e afforded 4 in excellent yield. We failed in our attempt to synthesise 1 from 4 by nucleophilic displacement with isopropylamine. Accordingly the diol 3 was converted into cyclic sulfite which on reaction with isopropylamine gave only the starting material back. In an alternative approach, the tosylate 4 was converted into the epoxide 5, 2a which on regioselective opening with isopropyl amine followed by treatment with 0.5 M HCl in methanol gave the target compound 1 as hydrochloride in excellent yield. The physical and spectroscopic data of 1 were in full agreement with the literature values. In summary, a practical and highly enantioselective synthesis of (R)-clorprenaline 1, has been achieved using the Sharpless asymmetric dihydroxylation as the key step and source of chirality. The synthetic strategy described can be further extended to other enantiomers and related analogs.
D line on a JASCO-P-1020-polarimeter. Infrared spectra were recorded on Perkin Elmer FT-IR spectrometer. The Mass spectra were recorded either with GC MS or with a Finnigan LCMS mass spectrometer. Enantiomeric excess was measured using either the chiral HPLC or by comparison with optical rotation. (R)-(-)-o-Chlorophenylethanediol (3) . To a mixture of K 3 Fe(CN) 6 
(R)-(-)-Toluene-4-sulfonic acid 2-hydroxy-2-o-chlorophenylethyl ester (4).
To a mixture of diol 3 (1.0 g, 5.76 mmol) in dry dichloromethane (12 ml) was added dibutyltin oxide (0.003 g, 0.2 mol % of diol ) followed by the addition of p-toluenesulfonyl chloride (1.10 g, 5.76 mmol) and triethylamine (0.586 g, 5.76 mmol) and reaction was stirred at room temperature under nitrogen. The reaction was monitored by TLC. After completion of reaction (45 min), the mixture was quenched by adding water. The solution was extracted with dichloromethane (3 x 15 mL) and then combined organic phase was washed with water, dried (Na 2 SO 4 ) and concentrated. Silica gel column chromatography of crude product using petroleum ether: EtOAc (7:3) as eluent afforded the monotosyl compound 4 (1.80 g, 95%) as a viscous liquid. 1-(2-Chlorophenyl)-1,2-epoxypropane (5) . 2a The tosyl compound 4 (1.6 g, 4.89 mmol) was dissolved in methanol (14 mL). The mixture was cooled in ice-salt bath before the methanolic solution (14 mL) of NaOH (0.22 g, 5.6 mmol) was added. The reaction mixture was stirred at -10 o C for 6 h. After that it was diluted with 100 ml ether and water (25 mL) was added. The hydrochloride was obtained as follow: The clorprenaline was dissolved in methanol (1 ml), and 2 ml of 0.5 M HCl methanol was added. Removal of the solvent afforded (R)-clorprenaline hydrochloride as a white solid. The physical and spectroscopic data were in full agreement with the literature. 
